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Abstract: Microbial xylanases have attracted much attention because of their applications in industrial processes during the past few
decades. Sixty-five terrestrial actinomycetes previously isolated from rhizospheric soils of endemic plants were tested for their ability in
production of xylanase. The results revealed that 33 isolates could degrade xylan on both solid and liquid media. Extracellular xylanase
production by these isolates was characterized during their growth in liquid medium. Streptomyces sp. CA24, one of the most active
strains, was selected for optimization of xylanase production. The enzyme secretion was enhanced when the medium was supplemented
with oat spelt xylan (0.5%) and yeast extract (0.5%) at pH 10.0. Optimization of the culture conditions resulted in a 5-fold enhancement
in enzyme production (255 U/mL). The most important characteristic of the enzyme is its production over a broad pH range of 6.0–10.0
during all stationary phases. The cellulase-free xylanase was optimally active at 60 °C and almost 90% stable after 4 h at 50 °C. The high
levels of enzyme production obtained under alkali batch cultivation conditions, coupled with no production of cellulase, suggests the
use of the local terrestrial strain Streptomyces CA24 and/or its enzyme in industrial processes such as pulp and paper production.
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1. Introduction
Xylanases are enzymes used in various industrial areas
such as pulp, paper, feed, bakery, juice, and beer industries
(1). The microbial production of xylanases (EC 3.2.1.8) has
been widely studied because the enzymatic hydrolysis of
xylan, a major hemicellulose component of agroindustrial
residues, is advantageous for the recovery of hexose and
pentose sugars for use as raw materials in a wide number
of biotechnological processes (2). In addition, tolerances
to high pH levels and temperatures are desirable properties
of xylanases for their effective use in various industries.
Particularly, cellulase-free xylanase with alkaline tolerance
is mainly considered for pulping and bleaching processes
due to the potential industrial advantages such as the
reduction in usage of bleaching agents, being consequently
more environmentally friendly.
Many studies have been performed on xylanases
from bacteria and fungi (3–9). Although actinomycetes
are an important group of microorganisms involved
in lignocellulose degradation in general and xylan in
particular, they have been explored to a lesser extent (10–
13). Because of the importance of xylanase, there is ongoing
interest in the isolation of new bacterial strains producing
this enzyme suitable for new industrial applications. There
have been reported only a few alkaliphilic or thermophilic
* Correspondence: ebruince@gmail.com
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xylanases produced by actinomycetes (5,14,15). The
rhizospheric actinomycetes became the focus of interest
for us (16), due to the fact that they are heterotrophic
feeders and play an important role in soil ecology (17).
They use both simple and complex molecules as nutrients
by secreting a variety of hydrolytic enzymes contributing
to their ability to degrade plant polysaccharides, such as
cellulose, hemicellulose, starch, and chitin (1).
The present paper deals with the production of xylanase
enzymes from various xylan-degrading streptomycetes
strains as potent producers of xylanase. In addition, the
nutritional requirements and optimum fermentation
conditions of Streptomyces sp. CA24 to maximize the
xylanase yield have been studied.
2. Materials and methods
2.1. Source of strains and maintenance
Soil samples were previously collected and isolated to
determine the composition of cultivable members of
the actinomycete community associated with the root
system of the local endemic plants Aethionema dumanii,
Salvia aytachii, and Achillea ketenoglui. The strains (64
Streptomyces and 1 Nocardiopsis) used in this study were
identified by using molecular tools (16). Spores of strains
were maintained as glycerated stocks at 80 °C.
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2.2. Screening of xylanase-producing actinomycetes
The isolates were tested for their capabilities to produce
xylanase by growing them on xylan-agar medium (3) at pH
7.0 and 30 °C. The plates were then stained with Congo Red
solution composed of 0.5% Congo Red and 5% ethanol in
distilled water and destained with 1 M NaCl. The xylanaseproducing strains were selected by observing yellow zones
around the colonies against the red backgrounds (18). The
diameters of zones were measured and rated as: (+), weak
xylanase producer (0.8–1.4 cm); (+ +), moderate xylanase
producer (1.5–2.4 mm); (+ + +), high xylanase producer
(2.5–3.0 mm).
The xylanase-positive isolates were further evaluated
for xylanase production by growing them in liquid
medium (3) at 30 °C for 120 h under shaking conditions
(200 rpm). Samples were withdrawn at regular intervals
and the mycelium was separated from the enzymecontaining broth by centrifugation at 10,000 × g for 15
min to obtain the crude enzyme preparation. The potent
xylanase producers were also evaluated for their ability to
produce cellulase during xylanase production.
2.3. Xylanase activity assays
The xylanase activity was determined by measuring
the release of reducing sugars from oat spelt xylan (1%)
using the dinitrosalicylic acid method (19). The reaction
mixtures, containing 0.5 mL of a solution of 1% oat spelt
xylan in Tris buffer (50 mM, pH 7.3) plus 0.5 mL of the
crude enzyme, were incubated for 45 min at 30 °C. One
unit (U) of xylanase was defined as the amount of enzyme
required to release 1 µmol of xylose from xylan in 1 min
under the assay conditions (8). All of the experiments were
performed in triplicate. Cellulase was assayed according
to the method of Mandels et al. (20). The soluble protein
content in the cell-free extract was determined according
to Bradford’s method (21) using bovine serum albumin as
the standard.
2.4. Xylanase medium optimization
Nutritional and physical parameters for xylanase
production were detected in 250-mL Erlenmeyer flasks
containing 50 mL of medium supplemented with various
sources. Xylanase production was studied in a set of media
[0.5% peptone, 0.1% K2HPO4, and 0.02% MgSO4.7H2O)
containing different carbon sources (corn flour, cellulose,
xylan, carboxymethyl cellulose, starch, sucrose, glycerol,
and glucose (0.5%)] at pH 7.0. Xylanase production
was also attempted in a set of media (0.5% xylan, 0.1%
K2HPO4, and 0.02% MgSO4.7H2O) supplemented with
various organic nitrogen sources [yeast extract, beef
extract, peptone, soybean meal, and tryptone (0.5%)]
and inorganics [ammonium nitrate, ammonium sulfate,
sodium nitrate, and potassium nitrate (0.3%)] at initial pH
7.0. Carbon and nitrogen sources were both incorporated
separately into the production medium.

The effect of initial pH on enzyme production was
assessed by cultivating the strain in the medium containing
oat spelt xylan and yeast extract at pH 4.0–12.0 at 30 °C
for 120 h. Xylanase assays were performed daily. All the
experiments were performed in duplicate, and average
values were calculated and are presented here.
2.5. Effects of temperature and pH on xylanase activity
The effect of temperature on enzyme activity was studied by
incubation of the reaction mixtures between 30 and 80 °C.
The optimal pH value for xylanase activity was
determined by using different buffers (50 mM) ranging
between pH 5.0 and 11.0 (citrate buffer for pH 5.0–6.0,
Tris buffer for pH 7.0–9.0, and glycine-NaOH buffer for
pH 10.0–11.0). Enzyme assays were performed at 60 and
70 °C. All measurements were done in duplicate.
2.6. Effects of temperature on xylanase stability
The thermostability was determined by incubating the
enzyme in the absence of substrate at both 50 and 60 °C
at different incubation times from 5 min to 16 h. The
activities were then performed at 60 °C. All measurements
were done in duplicate. Graphs were plotted by using
SigmaPlot 11.0 software.
3. Results
3.1. Selection of xylanase-producer actinomycetes
Sixty-five actinomycete isolates from rhizospheric soils
of plants were screened for obtaining their xylanolytic
activity. It was found that 33 isolates were able to produce
xylanase enzyme. Different isolates showing clearing
zones around the colonies after Congo Red staining were
selected as xylanase producers. According to observations
of plate assay, strains were classified as weak, medium, and
strong xylanase producers by taking into consideration the
zone diameters around the colonies (Table 1).
The most active 19 isolates (medium and strong
producers) were further tested for xylanase production by
growing them in liquid medium. From this group, 5 isolates
(Streptomyces sp. BA1, Streptomyces sp. BA2, Streptomyces
sp. BS44, Streptomyces sp. CA24, and Streptomyces sp.
CAH33) exhibited almost 50 U/mL xylanase productions.
All of the strains did not show detectable levels of
cellulase activity. Streptomyces sp. CA24 was selected for
optimization studies since it showed the highest xylanase
production. The closest phylogenetic neighbor according
to the 16S rRNA gene sequence of CA24 was S. rochei (16).
3.2. Optimization of cultural conditions for Streptomyces
sp. CA24
The highest xylanase activity from Streptomyces sp. CA24
was obtained when xylan was used as the carbon source,
while the activity was negligible with glucose (Figure
1). Carbon sources such as sucrose and starch produced
moderate amounts of xylanase at all hours. Using 0.5%
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Table 1. Qualitative analysis of xylanases from local streptomycetes strains.
Degrees of production
Weak

Medium

Strong

Streptomyces sp. AA53
Streptomyces sp. AR9
Streptomyces sp. AR12
Streptomyces sp. AR17
Streptomyces sp. AS31
Streptomyces sp. AS37
Streptomyces sp. AS42
Streptomyces sp. BA3
Streptomyces sp. BAH26
Streptomyces sp. BR57
Streptomyces sp. BS32
Streptomyces sp. BS33
Streptomyces sp. CA17
Streptomyces sp. CA18

Streptomyces sp. AAH66
Streptomyces sp. AAH67
Streptomyces sp. AR4
Streptomyces sp. AR24
Streptomyces sp. AS29
Streptomyces sp. AS34
Streptomyces sp. AS36
Streptomyces sp. BA12
Streptomyces sp. BAH20
Streptomyces sp. BAH28
Streptomyces sp. BSH50
Streptomyces sp. CA11
Streptomyces sp. CA13
Streptomyces sp. CS43

Streptomyces sp. BA1
Streptomyces sp. BA2
Streptomyces sp. BS44
Streptomyces sp. CA24
Streptomyces sp. CAH33

xylan as a carbon source, different organic and inorganic
nitrogen sources were evaluated for xylanase production.
The best nitrogen source for enzyme was yeast extract
(197 U/mL), followed by soybean meal (181/U mL) and
beef extract (177 U/ mL), at 72 h (Figure 2). Conversely,
xylanase production was not supported by inorganic
nitrogen sources such as ammonium nitrate, ammonium
sulfate, and sodium nitrate. In addition, when calculating
the specific activities of enzyme production with different
nitrogen sources, the activity scale was not changed
depending on the sources except when potassium nitrate
used. The specific activities of the enzymes obtained from
media with yeast extract and potassium nitrate were 222

and 204 U/mL for 48-h culture supernatants, respectively.
It was observed that the maximum titer of xylanase
production by strain CA24 was attained at medium
pH 10.0 between 48 and 120 h of fermentation with an
optimum of 255 U/mL at 72 h. Production of xylanase
was also remarkable at pH 6.0 (208 U/mL), while the
production was less at pH 7.0 (197 U/mL) and 8.0 (160
U/mL) (Figure 3). The results indicated that Streptomyces
sp. CA24 is highly alkali-tolerant and produces maximum
xylanase at high alkali pH (10.0).
3.3. Characterization of enzyme
The optimum xylanase activity was found to be at 60 °C. It
retained 50% of its maximum activity at 70 °C. When the
Corn flour
Cellulose
CM cellulose
Starch
Sucrose
Xylan
Glycerol
Glucose

Enzyme activity (U/mL)

60

40

20

0

24

48

72
Time (h)

96

120

Figure 1. Effect of different carbon sources on xylanase production from
Streptomyces sp. CA24.
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Yeast extract
Beef extract
Peptone
Soybean meal
Tryptone
Ammonium nitrate
Ammonium sulfate
Sodium nitrate
Potassium nitrate

Enzyme activity (U/mL)

200
150
100
50
0

24

48

72
Time (h)

96

120

Figure 2. Effect of different nitrogen sources on xylanase production from
Streptomyces sp. CA24.

temperature reached 80 °C, relative xylanase activity was
only 21% (Figure 4).
The alkali-stability study of the enzyme indicated that
CA24 xylanase was active in a broad pH range of 5.0–8.0
with maximum activity at pH 7.0 (212 U/mL) at 60 °C.
However, it retained in large part its maximum activity at
pH 9.0 (Figure 5). In addition, it exhibited 50% residual
activity at pH 10.0 and the enzyme activity decreased
drastically at pH 11.0.
Thermal stability tests were carried out by preincubating
xylanase for up to 16 h in the temperature range of 50 °C
to 70 °C at pH 7.0. The enzyme was fairly stable at 50 °C
and there was no significant decrease in xylanase activity
during 4 h of preincubation at this temperature (Table 2).
Although the enzyme was optimally active at 60 °C, 5and 10-min preincubations of enzyme at this temperature
caused drastic reduction of enzyme activity of 40% and
90%, respectively. The enzyme was not stable at 70 °C.

200
150

240

pH 4
pH 5
pH 6
ph 7
pH 8
pH 9
pH 10
pH 11
pH 12

220
Enzyme activity (U/mL)

Enzyme activity (U/mL)

250

4. Discussion
Actinomycetes produce a great variety of extracellular
enzymes, of which xylanases are of significant industrial
importance (22–25). Cellulase-free xylanases are useful
in the development of ecofriendly pulp bleaching
process. They have been reported from actinomycetes
such as Streptomyces sp. (26), Saccharomonospora (27), S.
roseiscleroticus (28), Streptomyces sp. Ab106 (5), S. albus/S.
chromofuscus (12), and S. violaceoruber (29).
The induction of xylanase by xylan has been reported
in various xylanase-producing streptomycetes (12,30,31).
Strong repression of xylanase production by glucose was
observed when glucose was used as a carbon source.
Carbon catabolite repression by glucose might be
suggested. Although this regulatory phenomenon has not
been well characterized in streptomycetes, the expression
of genes encoding extracellular hydrolytic enzymes such as
xylanases, chitinases, and cellulases is generally activated

100
50

200
180
160
140
120
100
80
60

0

24

48

72
Time (h)

96

120

Figure 3. Effect of initial media pH on xylanase production from
Streptomyces sp. CA24.

40
20

30

40

50
60
70
Temperature (°C)

80

90

Figure 4. Effect of temperature on xylanase activity assayed at
different temperature ranges.
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Table 2. Thermal stability of xylanase at 50 °C.

240
220
Enzyme activity (U/mL)

200
180
160
140
120
100
80
60
40
20

4

5

6

7

8
pH

9

10

11

12

Figure 5. Effect of pH on xylanase activity assayed at 60 °C.

by specific substrates and is repressed by the most energyefficient carbon source, normally glucose (32). A high
xylanase activity with a streptomycetes strain using yeast
extract as an organic nitrogen source and potassium
nitrate as an inorganic nitrogen source was also reported
previously (12,13,15). Yeast extract has an important
role in xylanase production by Streptomyces sp. CA24,
probably because a complex nitrogen source was essential
for good growth and high enzyme activity, or because of
some important elements contained in yeast extract that
are necessary for the metabolism of this bacterium. For
production of high titers of any enzyme, optimizing the
growth parameters is of prime importance in industrial
enzymology. One of these parameters, the initial pH of
the medium, has been reported to strongly influence many
enzymatic systems by affecting the transport of a number of
chemical products and enzymes across the cell membrane
(33). Earlier reports on xylanase production by several
fungi and bacteria also showed marked dependence on the
initial pH of the medium (34–36). However, there are rare

Time

Residual activity (%)

Control
5 min
10 min
20 min
40 min
60 min
80 min
100 min
2h
3h
4h

100
100
100
100
97
96
95
94
92
90
89

reports on alkali conditions at up to pH 9.0 for xylanase
production by actinomycetes. The preference of higher
pH (10.0) by Streptomyces sp. CA24 for production of an
extracellular enzyme xylanase qualified it as an alkalophilic
streptomycete. The level of production is remarkable as
compared to other reports on xylan-induced xylanases by
actinomycetes (14,15,30,37). The time course of xylanase
production in different cultural conditions was overall
attained in the stationary phase of growth between 48 and
96 h. Enzyme production was slightly decreased at the end
of the stationary phase (120 h).
The present study reports highly active cellulase-free,
thermoactive and thermo-alkali tolerant xylanase acquired
from Streptomyces sp. CA24. Furthermore, the organism
is also capable of growing at pH 6.0–10.0 and producing
high titers of xylanases at pH 10.0. The characteristics of
the enzyme are particularly suitable for the paper and pulp
industry. Extensive study is being further carried out on
application of the enzyme for pulp bleaching as well as
cloning and characterization of a xylanase gene.
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